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EXP ER IM EN TA L DETERMINATION OF TFANSIEVT STRAIN 


IN A THLFM. ALLY-CYCLED SIMULATED TURBINE BLADE 


UTILIZING A NON-CONTACT TECHNIQUE 


by Frederick D. Calfo and Peter T. Bizon 


Lewis Research Center 


SUMMARY 


A non-con tactiny technique to experimentally determine 
strain is described. This technique was used to measure 
leading edge strain in a thermally cycled simulated turbine 
blade. The blade was subjected to cyclic heating (3 
minuter) and cooling (1 minute) by movinq it into and out of 
a Mach 1 hot )as stream so that metal temperatures ranoinq 
from 1370 °K (2000 °F) to 300 °K (E 0 °F) were obtained. The 
technique employed a commercially available non-contacting 
electro- optica 1 extensom^te r to measure transient 
displacement between parallel platinum-rhodium wire targets 
which were mounted cn the blade leadinq edge. The sensing 
portion ot the extensometcr system was designed to "track" 
the blade targets during the complete cycle including the 
transitions between heating and cooling. Calibration 
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icea surements showed tha instrument could measure the 
displacement to ♦ 0.044 of the gage length (the distance 
between the targets). A maximum total strain o 7 . 1.27* 
occurred at the end of heating. After 10 seconds of heating 
the total leading edge strain was about R04 of the maximum 
strain. The minimum total strain at the end of cooling was 
0.314. Strain results were reproducihle within 44. 

INTRODUCTION 

A major goal of the fatigue research being conducted at 
the Lewis Research Center is the development and evaluation 
of life prediction methods which wouli be applicable to 
aircraft gas turbine engine components such as blades and 
vanes. A number of papers (refs. 1-7) d^sc.-ibe this work. 

These studies include: (1) development of life prediction 

methods utilizing laboratory data obtained for a wide range 
of materials, and (2) evaluation cf these methods throuqh a 
variety of burner rig studies on simulated engine components 
such as turbine blades. 

Life predictions must be made by engine designers prior 
to the construction of a complex piece of hardware. The 
basic input for any life prediction analysis is the strain 
history at the critical location of the component such as 
the leading edge for many turbine blade configurations. A 
designer of a turbine blade computes this strain history by 
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using the geometry, material properties, ana an assume! 
temperature history based on previous experience, obviously 
the computed strain history for a turbine blade has in it. 
its own uncertainties an 1 anproximationr base! on the input 
assumptions. In attempting to verify a life prediction 
method such as Strainranje ’’aititioninq (3?P) (refs. 1-5), 
it is important to be able to separate out all possible 
sources ot uncertainties an 1 approximations, so that *he 
"pieces" can be evaluated separately. The ability to 
measure accurately the strair history at the critical 
location of the component provides a means of eliminating 
one of the uncertainties. The measurements such as those of 
this investigation will permit an evaluation of our ability 
to compute inelastic strains encountered in a simulated 
turbine blade subjected to conditions that might occur in an 
engine. In addition, use of these specific measured 
strains, along with *ne characte rist ic fatigue life 
relationships (SRP lines) f ov B 100d alloy and an 
appropriate damage rule, should permit us to nredict the 
fatigue life of this simulated turbine blade. Comparison of 
this predicted life with actual life as determined in a test 
facility can then be used to provide an indication of *ho 
effectiveness of the life prediction method. The 
application of the measured results reportaa herein to this 
life prediction problem is not, however, a part of this 
r* port. 
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Various e xperimental strain mea sur^iont methods 
currently available are not adequate for obtaininq the 
accurate data needed tor this type of investigation which 
involves high temperatures. For example, temperatures of 
1370° K (2000° F) as well as hold time at temperature 
eliminated consideration of foil or wire strain gages (ref. 
8) for the present study. Furthermore, the need to 
determine strain at the leading edge of the blade eliminated 
the possibility of applying methods which measure average 
strain over the cross section such as non-contact 
capacitance displacement sensors (ref. 9) . The requirement 
that strain be measured for the complete cycle limited the 
usefulness of extensometer systems capable of measuring 
strains sensed outside of the hot zone of the specimen (ref. 
10). Other non-contacting techniques (refs. 11-13) have 
been successful in accurately measuring snail dimensional 
changes of a specimen under tension, but have been applied 
only to static tests. 

The purpose of this investigation was to measure the 
leading edge strain of i simulated turbine blade moving into 
and out of a hot gas stream. This report presents a 
detailed description of the experimental measurement method 
and principle of operation of the commercially available 
electro-optical extensomoter employed as well as the strain 
data obtained. 

The turbine blade studied in this investigation was a 
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solid, cambered, airfoil design. It was move) into and out 
of a high velocity hct gas stream to simulate the thermal 
fatigue loading experienced by blades in aircraft gas 
turbines. The blade was he 1 i in a 'lach 1 gas stream for 
three minutes and then move! out tor one minute so that 
metal temperatures ranging from 1170 °k (2000 °F) to l n 0 °K 
(80 °F) were obtained. 

The leadinq edge strain of the simulated turbine blade 
throughout the cycle was determined, in the following manner. 
Two parallel wire targets wore uoiu.^1 op the lulling edge 
of the blade. A non-cor. tacting electro-optical extensometer 
measured the displacement (change in lenqth between the 
targets) throughout the cycl- and cor.vertei this to an 
electrical signal which was recorded on a stripchart. "h* 
ratio of the iisnl acemen. t at temperature to the distance 
between the targets at room temperature guv*- the strain. 

This work was conductei using the IJ.S. customary system 
of units. Conversion to International System of Units (SI) 
was made for reporting purposes only. 

ORIGINAL PAGE Jr. APPARATUS AND PROCEDUPF 

OF POOR QUALITY 

Test Specimen 

The geometry of the simulated turbine blade is shown in 
figure 1(a). The blade was precision cast from nickel-base 
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alley D 1900. Figure 1(h) shows the blade with the two 
parallel 0.15 cm (0.060 ir..) diameter platinum-rhodium wire 
targets mounted on the leading edge 1.42 cm (0.561 in.) 
apart. High temperature braze material was used to fasten 
the wire targets to the leading edge. 

As seen in the cross section ot fiqure 1(a), the 
airfoil design had its mass concentrated along the mid-chord 
region. This region controlled the averaqe elongation of 
the blade, thus restraining both the leading and trailing 
edges during the thermal cycle. Purir.q heating and cooling 
internal thermal gradients were generated which caused 
constraints on the expansion and contraction of “laments of 
material hv adjaceit material elements. Tn addition, there 
was an imposei external constraint of the otherwise free 
thermal expansion and contraction o* the blade by the end 
yrips wnich prevented the hla le from warping. These end 
grips, as shown in figure 1 , also permitted application of 
tensile loading to simulate centrif tiqal forces. 

Test Facility 

The facility used for thermal fatigue testing of the 
simulated tumine blades is shown in figure 2. The 
schematic in figure 2(a) shows an overall view including tbe 
strain sensing instrumentation. Figure 2(b) shows a 
photograph of the facility and identifies 3ome of the 
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instrumentation. Fiqure 2(c) shows a rlos°-up of the 
specimen with the burner an 1 coolinq nozzles. The burner 
used natural yas fuel. External air-cooling of the tost 
section could be accomplished usinq the nozzl® to the rear 
of the specimen. However, in the f rsts described herein, 
coolinq occurred primarily by raliation and conluctior. 
through the grips. A hydraulic loading fixture was use 1 to 
apply tensile loads to the specimen end grips. Th® burner 
gas stream operated a fc tach 1 velocity with a mass flew of 
about O.b Kg/sec (1 lb/s^c) at 1F°0 U K ( 2 1» 'o 0 ° F) . The 
loading fixture was capable of aprlving a maximum of 
N (20,000 lb) of load to the specimen. A ior") detailed 
description of tne burner mav le found in reference in. 

The specimens were securely clamped to heivy platens 
riding in large bearing blocks (rig. 2(a,b)) which were 
connected to the loading fixture. T his clamping method 
prevented the thermal bowing which is usually present in 
cambered airfoils subject* 1 to tncrmal loading. It also 
prevented the airfoil specimen from warping like an 
unrestrained blade to relieve thermal stress. The large 
bearing blocks allowed displacement along a line parallel to 
the leading and trailing edge axes. This was lone to 
stablize the specimen and also to greatly simplify any 
subsequent stress analyses. The entire loading fixture was 
pivoted by means of an electrically actuated hydraulic 
cylinder so as to move the specimen into and out of the 
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burner stream (shown schematically in fiq. 3). In this way, 
the burner operatel at stea 1 y-st ate while the soecimen was 
thermally cycled. 


Test Cycle 

The simulated turbin* blade was cycled by movinq it 
into and out of a Each 1 burner gar stream operating at 
1590° K (2400° 1). This temperature was determined usir.q a 
water coolea tnermoccupl^ probe. The blade was moved into 
the burner gat strean ani boated ♦her® for three minutes 
with the leadxitcj elqe of the specimen at riqht angles to the 
burner stream. This was follows ] by one minute of cooling 
after the specimen pivotel out of the burner stream. 

Transfer time between beating and cooling positions was less 
than three seconds. Blad~ metal t*-mr»eratures measured with 
chrcael-alumel thermocouples ranjed between 300° k (P0° F) 
and 1 170 °K (2000 °F) . 

Strain leasurinq System 

A commercially available electro-optical *» xte n some ter 
was applied to experimentally determine *he leadinq edge 
strain of the simulated turbine blade as it was cycled by 
moving it into and out of a burner stream. The system is 
capable of measuring the relative position of two parallel 
targets that were mounted narp^ndicul ar to the leading edge 
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of the blade. Strain is then determined as the ratio of 
this relative position or displacement at temperature to the 
distance between the targets at ambient temperature 
conditions. 

The electro-optical extor.some-er consists of both 
optical and electronic components. The optical system 
consisting of lenses and prisms is used for acquiring, 
viewing, and producirg an optical image of the targets for 
use by the electronic components. Ar, imag« analyzer tube in 
conjunction with other alectronic components is used *o 
produce a dc voltage that is directly proportional to the 
target displacement. A calibration is necessary to 
determine the proportion jlity constant between lis placemen t 
and dc voltage output. 

Elect ro-o ptic al equipment and procedure. - The system 
employed in this in vesti lation is shown schem at ica 1 ly in 
figure 4. Figure 4(a) shows the overall system consisting 
of an illumination source for hacHighting tne targets, an 
optical head containing the optical and viewing components, 
and an electronic control module. 


Several diffarent target illumination arrangements were 
investigated, when, it was observed that nc.n-unitorm lightir.q 
of the targets resulted in a linearity error. Non-linear 
results were avoided by using a ref lector-type quartz-iodine 
lamp operated f i om a dc power source. The lamo, mounted to 
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pivot with the test rig, was located along the viewing axis 
approximately IS cm (6 in.) behind th*» targets. Due to 
space limitations, backlighting was used to illuminate the 
targets, causing then. to aopear in rilhouetto. 

The optical head (fig. «(a,h)) consists of lenses and 
mirrors together with the image analyzer section. The image 
analyzer consists or a photomultiplier tube, deflection 
yoke, and associated electronic circuitry. The optical head 
was mounted socuraly to the test frame within the test 
facility (as snown in fig. 2(a)) remaining focused on the 
simulated turbine blade during the complete thermal cycle. 
The mounting fixture was designed to achieve mechanical 
stability for the optics lurir ) the pivoting of the test 
rig. The optical hc-ad was positioned so that the viewing 
axis intersected n*-ar tne center of the target plane and was 
perpendicular to th*' direction or target change. The 
distance from the front cf the optical heal to th? targets 
was about 25 cm (in in.). 

Figure 2(a,b) shows the location of controls, 
indicator, an) connectors mounted or. the optical head. The 
t a£j^t_size_ an d_cj 1 1 cr_a d ju? f i k no h was usel to adjust 
the instrument to accommodate different target sizes, and 
simulate target change. The ciIi.bintor_sl.icie permitted the 
calibrator dial, to be positioned within targe* range, after 
which the used to retain the set-up. 

Use of the calibration controls is explained in the 
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Calibration section of thin r°fort. The allows 

observation to be made through t h- ontical system tor a-ming 
the 2 i’ii ca l_ho ad at the targets. The interconnections are 
used to interconnect th“ optical head and the electronic 
modules. The optical head was mounted *-0 a motocicel XY7 
taD^e to provide .a means for positioning the nead locally 
within the tost cell, or remotely using the electronic 
module. 


Figure U(h) schematically shows t ho optics located in 
the optical head. Thr imago relucing svfmii provides 
resolution t' . measurement of ♦ S.og micromoter s ( ♦ 2 n 0 
microinche? '• or ♦7.0LI of a rominal qage l^rV’h of 1.1 cm 
(0.5 in.). Lens 1 was used to cans* - thp image of th<- two 
backlighted targets to be directed to th? p^ism system. 

This lens, at a 25 ca (Id in.) working distance from th o 
turbine blade, was ahle to fccus ot. a fiell of vi 3 w a* about 
l.d cm (0.7 in.) diameter. The vignette mask eliminated any 
stray light rays along tne optical renter line from passing 
through the optical system. A blue optical *ilter was 
include! in front of the l»ns system to remov-* the black 
body radiation of the tarq»t& and +urhine blade at 
temperatures up to 1370° K (2000° f). 


Prisms 1 and 2 ara mechanical 1 y coupled to each other 
and to Leni> 2 so as to move laterally on the center line 
axis. The calibrator dial, shown in figure 2(a) measures 
the lateral motion of the prisms. Ttism 1 ir fixed. Only 
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the edges of the target image pass beyond the prism system. 
Lens 2 maintains the focus of the image as the prisms are 
moved along the axis. Lens 3 focuses the image on the front 
face of the photocathode. 

Alignment of the optical system with respect to the 
targets and illumination source was performed as follows: 
Visual acquisition of the targets was obtained and th<» 
targets centered in the field of view using the viewer (fig. 
2(a)) in tne Impressed position. Target centering and 
focusing was facilitated using the YYZ positioning table. 
With the viewer depressed, the optical head was aligned so 
that both targets were overlapped within the field of view 
as shown in fiqura 5. It was found that targets of 
different lenjth aided in the alignment procedure. For best 
accuracy and to accommodate near maximum target change, the 
width of the overlapped portion should be about 251 of the 
total field of view. The width of the target overlapped 
region may be adjusted by rotating the target size adjusting 
knob (fig. 2(a)). When the viewer is pulled outward and the 
correct illumination obtained, a "ready" indicator on the 
electronic module should light. Lack of such an indication 
means the target illumination level should be increased. 

Internally, the optical head had the capability to 
compensate if the viewing axis did not intersect the «xact 
center of the tarqet plane. This was accomplished by 
providing a bias voltage on the deflection yoke to 
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electronically position the targ*,- image on the photocathode 
♦ 0.127 cm (+0.050 in.) alonj the as of displacement, or 
♦,0.25 era ( + 0.100 in.) perpendicular to the axis of 
displacement. The optical portion of the instrument located 
within the test facility wis exposed to an environment of 
205-310° K (50-100° F) , an 1 0-°5% relative humidity. 


Once the set-up and aliqnment have been completed cal 
operations are performed outside the test facility using the 
electronic control module (C' j. <•(♦)) - The lunction of + he 
electronic control module is to nrovide a voltage that 
corresponds to the relative position of the targets in the 
field of view. A r* . ferontial amplifier accepts the output 
voltages from the optical head and proviles a voltage which 
is proportional to the relative notations of +he targets on 
the turbine blade. Thir litter voltage is recorded on a 
stripchart for the complete + ent eyrie. The electronic 
module also has position meters for indication of target 
location with respect to the field of view. Any necessary 
change in target image location is achieved bv observing the 
position meters and adjusting the ujtical head by using the 
electronic module to reposition the XYZ table. 


Princi ple of o pe ration. - This section describes the 
measuring principle involved in the electro-optical 
extensoraeter system. As was noted in the previous section, 
the optical h°ad contains lenses and prisms which are 
arranged to produce a superimposed optical image of the 
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tarqets in th^ field of view. This is schematically shown 
in figure S wnere the overlapped portion of the targets 
appear as a dark band on a light background when observed 
through the viewer. Th° contrast change at the two dark to 
light boundaries of the band represent double ootical 
discontinuities to the measuring system. 

The superim pose n target image is focused on the 
photocathode by a lens. Wherever light falls on the 
photocathode, electrons are emitted from the inner surface. 
Thus, an electron image is formed or an aperture plate 
within the image analyzer tube. An applied electric field 
accelerates the electron image down the tube and focuses the 
electron image on the aperture plate. The aperture plate 
intercepts almost all of the image and only passes the part 
of the imaie that falls on the measuring aperture. The 
photomultiplier, located behind the aperture, sees only that 
part of the image that passes through the apertur®. Thus 
the current output of the photomultiplier is a linear 
function of the intensity of a small portion of the optical 
image. 


An oscillator provides a deflecting magnetic field 
which moves the electron image up ar.d down across the fixed 
aperture. The oscillator signal current level is 
proportional to the position of the electron image at the 
aperature at any given time. A Uscontinuity detector 
monitors the cutout cf tne photomultiplier tube. The output 
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of the photomultiplier is sharply charged when a 
discontinuity sweeps across the aperture. This change in 
output instantly causes the discontinuity detector to notify 
logic circuitry that a "boundary" has b“en "crossed". The 
logic circuitry interrogates the deflection system as to 
where the electron image was when the discontinuity was 
detected. This interrogate! siqnal is presented as an 
electrical current directly proportional to the position of 
a target within the field of view. Each of the two 
discontinuities is sampled in like manner. Each 
discontinuity current level is updated with a new sample 
30,000 times pet secor.d--the frequency of the sweep 
oscillator. T he logic circuitry presents the two electrical 
signals which are proportional to the displacement of each 
target to a differential amplifier. This amplifier provides 
an output that is proportional to the differential motion of 
the two targets. This output can be displayed on any 
conventional recording instrument. Any adiitional details 
concerning the principle of operation of electro-optical 
displacement gages may be found in reference 15. 

Calibration . - The extensometer output provides the 
relative displacement between the two targets as a function 
of time. It is necessary to calibrate the system to relate 
these relative displacements to absolute values. This is 
done by simulating a target change by using the calibration 
controls provided on the optical head. After the optical 
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head is aligned, the targets properly adjusted, and the 
"ready” indicator light illuminated as detailed in the 
Equipment and Procedure Description section, the calibration 
can be performed. 

The calibrator dial (fig. 2(a)) provides readout in 
0.00025 cm (0.0001 in.) increment's of simulated target 
chanqe. Unlocking the calibrator locking knob and sliding 
the calibrator dial assembly in the direction away from the 
targets provides a slight motion (0.0025 cm (0.0010 in.) or 
less) of the needle. with the needle slightly deflected the 
calibrator assembly may be locked in position. By turninq 
*hc target size adjusting c rank clockwise and then 
counterclockwise, any system error resultinq from mechanical 
backlash can be eliminated. Rotating the bezel on the 
indicator so that the "zero" mirk i r directly below the 
needle establishes the optical zero point. 

After allowing at least minutes warm-up time for 
complete thermal stabilization of the electronics, the 
"zero” potentiometer on the control module can be adjusted 
to obtain an electrical output of zero. For maximum 
accuracy, the electrical readout device ( D V Pi , recorder, 
etc.) should have a resolution of one millivolt or less. 

To establish the system gain or scale factor (volts/cm 
(volt/in.)), the calibrator dial (previously set to zero) 
should be observed and the target size adjusting crank 
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rotated counterclock wise to ohtiir. n dial indicator reading 
of 0. 1240 cm (0 . 04 9 9 in.). This simulates a 0.07f cm (0.070 
in.) target size change for this i nstruircn t. With this 
value a dial indicator error no greater than 127 
microccn ti ire t*» rr. (SO microinches) exists. 

With the tarnet chang*. simulated, the '’span” 
potentiometer can be adjust ad to provide a convenient output 
voltage. Ir this investigation ?.0 volts for the 0.076 cm 
(0.030 in.) target size change vis used. Dv turning the 
target size adjustinn crank clockwise, and th*»n 
counterclockwise, thr system can aqcin he rcturnel to the 
optical zero setting. Th- 5 above st*Ds should he repeated 
until both the optical and electrical zeros and calibration 
points are stable and r^pro lucihle. 


PLSMLTS AND DISCUSSION 

The total lea ling edg^» strair tor the B 1900 alloy 
simulated solid turhine blai* as a function of time for a 
typical stable cycle is shown in figure 6. A number of 
cycles were run an! studied for lata reproducibility. This 
study showed that the results were reproducible within 4*. 

A maximum total strain of 1.27i occurred at the end of 
heating. After 10 seconds of heating the leadinq edge 
strain was about 00% of the maximum strain. The minimum 


total strain ar the end of coding was 0.31'. The 
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electro- optica 1 axtensometer tracked well as th» loading 
fixture pivoted to move the blade into ar.d out ot the burner 
stream. This is shown in figure 6 by the smooth curve 
generated ns the specimen cycled from heating to cooling. 
Since the blade was not constrained in the lie-action ot 
strain measurement, the larje strain at. steady state reveals 
that the blade maintained large thermal gralients during 
this portion o: the cycle. Large temperature gradients were 
indeed observed by using an optical pyrometer and infrared 
photography of tha pressure surface at steady state. Those 
temperature r.aa sura men t methods showed temperature gradients 
of over 200° K (300 ° r) when the leading else temperature 
was 1 370° K (2000° F) . 

burin | ar. ambient temperature calibration of the 
extensomet’r, ♦he system’s rrlati"-? disnla-em j n * measurement 
was related to the absolute values obtained by a micrometer. 
The calibration produced an error no greater than 127 
microcentineters { 5 C microi nche s) . The displacements during 
the complete heating and cooling cycle were measured to 
+C.04* of the 1.42 cm (0,561 in) gage length. 


The data acquisition for the blade specimen was good 
after a few preliminary problems wtre resolve 1. Since the 
strain measurements were obtained remotely, it was 
impossible to adjust the instrument set-up during the test. 
It was therefore, essential to provide a rigilly mounted 
illumination source since it was required to pivot with the 
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test rig. Movement of th? sourcu during cyclinq initially 
illuminated the tarncts nor- ur.i f orm 1 v which resulted in 
linearity errors (output voltage was not linear with 
displacement). Several lighting arrangements were 
investigated. Linear results wore obtained by using a lamp 
operating from a dc power source rigidly attached to the 
test frame. 

After determining the optimum oprratinq procedure for 
the instrument, it was emplov*-) with relative ease, ’’’he 
problems normally encountered with more conventional qaqe 
methods such as calibration drift or other effects due to 
severe environmental chanu*>, wore ';1 i ninated since the 
instrument was external to the test specimen 3nvironm*nt. 

The result from both *ht simulate) blade measurement 
as well as the ambler* t .mp^ra 4, ure * xrersometer calibration 
indicate tha* it is feasible to us* this strain measurement 
method on oth*r more complicated structures, such as turbine 
blades containing holes and/or sluts for cooling. 

CONCLUDING HENARKS 

The measurement procedure and the principle of 
operation of a commercially available non-contacting 
electro-optical extensometer applied to a simulated turbine 
blade are detailed. Total loaling edge strain resulting 
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from cycling a solid blade (3 minutes heating and 1 minute 
cooling) oy moving it into and out of a Idach 1 hot qas 
strtam v tried between a maximum of 1.27% at the i.*n 1 of 
heatinq t.o a minimum of 0.31*. at the end of cooling. Strain 
results were reproducible within ^ flctal t amnerat ure s of 
the blade ranged from 3^0° K (80° F) to 1170° K (200^° F) . 
Approximately 80V cf tn° maximum total strain was obtained 
after 10 seconds of i eating. Pi spl acemen ts luring th« 
complete heating and cooling cyol* were measured to ^o .rot, 
of the 1.47 cm (O.sti in.) gage length. This strain 
meets, fcflc-i.t technique shoul 1 significantly ail in obtaining 
tiie accurate- strain measurements reeded at critical 
location? of complicated structures. As such it should 
prove to be extremelv useful in the development and 
evaluation of a theory for predicting the thermal fatigu® 
lire of structural components. 
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Geometry. 

Figure 1. - Simulated turbine blade. 
(AH dimensions are in cm (in. ). I 
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t>i Blade specimen with targets mounted, 
Figure 1. - Concluded. 
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lei Section of facility showing tieating and cooling nozzles; snecimen is in 
heating position. 

Figure Z * Concluded. 
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(b) Details of strain sensing instrumentation. 


Figure Z - Continued. 



Figure 3. - Schematic of facility showing the specimen located in the heating and cooling positions. 
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t > i Cooling position. 
Figure 1 - Concluded. 
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Figure 4. - Schematic description of electro-optical system. 
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(b* Optical system to pi oduce superimposed images. 


Figure 4. - Concluded. 


1 ■ I I r T 







E. sec 

for simulated turbine blade of 


ORIGINAL PAGi5_- 
OF POOR QUALIii 




